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Abstract 



PROBLEM TO BE SOLVED: To produce a Czochralski(cz) silicon single crystal, remarkably reduced in 
crystal originated particle(COP) defects, excellent in withstand voltage characteristics of an oxide film or 
remarkably reduced in dislocation defects and excellent in device characteristics such as PN junction leak 
current characteristics. 

SOLUTION: An apparatus for producing having a cooling part 40 arranged so as to surround a silicon single 
crystal S near the surface of a silicon melt M, heat insulating parts 41 and 42 provided on the side of the 
surface of the melt of the cooling part 40 and on the side of the outer peripheral surface thereof and a 
heating part 50, arranged so as to surround the silicon single crystal S above the cooling part 40 and having 
>= 200 mm length in the crystal growth direction is used in the production of the silicon single crystal S 
having >=100 mm diameter according to the Czochralski method. The pulling up and growing of the crystal 
is carried out under conditions so as to provide 12 deg.C/m cooling gradient from the crystal solidification 
temperature to 1,300 deg.C crystal temperature and >=200 mm holding region where the crystal 
temperature is >=1,200 deg.C and the solidification temperature or below. 
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^ B B B S $rK9Ht"i 0 £EB3ft.fc*fcE*. ^JWI 

s«. ^ai^k't-fliEitsnsik^ait'J)!). -tie 

Itzio 4tSJWWBKM«»a 2 0 cjni-c . ^9MW 

^I30*rff-fl>Ckt'. 1200 x;Ja±*SilKWT 

?<o«ft*«tt*>6Aia*£ 1 1 5 9 0 ovi 

X'cv : &%m<§m& 1 °c/mm);)±x"<%wt& z\c% 

[0030] ZZX\ mShXl/milZTf-^tih]:?* 

mmmz&^x . %&fmmmmw.2 otixm 
mvm-t t mm hhfrtfz mm i % vettwun 

A»*^) 1 t k * 9 . ifi»«* ^ii9; $r JS < SWi 
*t«^. ^^a(cJ:^i/9 3y^ B B B S^-f 
I, j^aias k ^ 9 Kj$. A 1 ^ L X I . &W21M. t i s ft^ 
16*4* v 9 3 >-J)USA S UW^)*fl[U 1 1*1(9 <3it^ - k 




( 6 ) 




tfWW 1 1 -4 3396 



[0031] *mi-iu±.n ( 7 ) aw < 9 ) m 

fi\k.%itli>?>X'hh< 

[0 0 3 2] -rt'^>*>- 05(;*SiUCZa^'J 3>- 

t . anaai: ^ 'J a ^£a B a smmt-x? 

3 > £ £ K 0 H t? J: '3 (-121 $ tltz WM& 5 0 k £ 

initio %taikm&£fr h &&m. 1 3 0 

ftiS«* s 1 2 0 0*CULh«iia*WT-C/)R^*«**2 
0 0mm liLh^ ftt'^fa? I -Bf fc * L T V ^ 
tf. l«Hta»4 0^»aEffifliCttBaMB4 1*\ *fc 
flEMififfllK«i8r*ftS54 2A\ *fl-fit$»aS4 0<7)T 

icEisfixao. zncw&mi. i2m&zx 

-?-4'\kffl#'*>t'^i<0k$ft.'O*S. BrSftSM 

1 . 4 imfct ix\m^m^ixi hcoxuz^ 

fi\ 9*fSIK**l OW/m • KOT. i»)$?ik<(*2 

w/m • KJ3lTa*i:1"*^>* s a*K- s^Sl^ 4 
0coT®k&&M?MEk<DSgSf. gl<l±}«»S4 0fc 

^ Ft _ ;? _4 t coSg^C ioTitt - 
KMtcSS*i«KJ»»4 lOWtflil 0-1 2 0mm8 
0-1 50mmglgktl.Ck/; i '3£ §4 

C, 15 £5*3 fi S #&a B al!i££8£ *J v >T ttRRSft. 

t(±^t^'*\ $a^4 0 k -e^±*-io»gP5 0 kco 

[00 33] ifel25l^Sit4*tSai!!i^at=*3^ 
SjM*ffl5 0l±, ia a B a )S^r6HC2 0 0mmW± < iO 
4fil<{i4 0 0-l 2 00mmg$«5§5: ; H r tSii 

JiSMfi Jnf* t - 9 k THUS * { - - *>iraa«8 
5D^hJillHI!WiaS*IBfjRfiKJ:->tI8r*ftS^tv^ 
Ck#. flnafc»34 0£itL'tR*8&4K 4 2 5:12 

*j. t&mn^ o«, Mitf+^ie*. #xfc»E 

[0034] I26(:^$ii| l czs-/ | ;3>#^ 

B B a£Ki. 05C5?$n*y 'J 3 y#& B B agat£ScOfS 



t Z>T* -5 T - 12 0 0 r tU:8!Ifi*WT~*)fcfiMH 
i#*coi£ B B a ;£Sr 1 1 5 0'CK 9 0 0'C2 t'^fflSlS 

fc^ffti. i^in^bow^fsisii, fi'iie 

■C . - *i ^ S fliJRC J: -» "C L o $ ft 4 ftffl £ 

L t L ±Id(-lft B ^ L ^ t <7) <: t cot'* 4 fc* . Bi 

[00 3 5 ] §^l-07(i. J:9££ttSri<*>$£*<- 
Sl^j£f^cOH?Jng|54 0 Srltiffi* 1 ^ 1 0 0mml0±8l IX 

[0036] ££E^oWitf . KMjSf*c0^fil3i54 0 

$ri|ft-ri.^t^i£^c0^aig54 0<rH?T5*'^ 1 0 
0mmW±6 0 0mmWTT-- Si L<(il OOmrn^ 

[0037] »g*Ht4 3(afpfil^i:Sr-lS^^^ 
[zm-i Vt-9-4 fc<^BCBrSft*f4 4SrflI«!«5 0 

t ^lacBrfttt 4 5 r Eat * k li*. 

[0038] =5rfe^93P4 0 k -?-ft(CftlffitSBT»W4 
1. 4 2. 44. 4 5iaWllWEH5. H6C*»<i* 

[ 0 0 3 9 ] WJICfIS C Z 5/ 'J 3 xmfiftH 

aWlco^-CUiWWt:^* I^L^A\ *ftBB<o 

czy'j3 y*tsft«jisw±. .r floras Lfc^ttJB 

g)54 0 . Sn»»5 0 . Br*a54 1.4 2. fc iWfaW 

6 ot'kk iwfc*«wr«aj*tf#i<^5. *is B a R 
3iji(f$«wco&a®*. x«j3>sia5^;f4coji^ 

[0040] 

[ mm ] wTtt^^co^te^i^^tftiiiw^ *\ 

[004 1 ] USSffl 1 

03COV U a>mte B B B 6l±^ 1 tSAaiSiBK^o 
tS b b b iSS 1 3 0 0 °C i TW^»^E 2 °C , ' m m VJ± k 

l . ^ioawsftffl*** 1 2 o ortU:*i*a«* { 2 0 o 




[004 2] I?)gl*f£ffl I t . OT^fK'i- 'J 3 
I fc. *^ H a B W«2«{i 1 ■ 0mm. 'ft 

x\ ttikmrnmrnum i +wa!i«AT?i?$*i*is 

B B a ?l±^f+, -rt-^o. tSA*fflS**»o«AiM[ 1 3 

OO'CiTSriSfilSJffiS. rC/mmiL. *tf>»ffifl 

ij 3 jukes fft- ot. 1 2 o o-aiim 

H^itr^flftttaici i o 5 o rfiT l t ^ 

[0043] ro*ttnr*5ixfci' 'J 3 >*tsfi^ 

T ) . ^b b b@ :8-f>fffl(200mm), 1 0 

Q ■ cm. K^iSK: 7. 5-8. 5E17atoms 

/c c <B«?I^Hia*CJ*i*fl^*** ffi * 
SfflPTJMi) . <!• 0E16atoms 

/ c c ( BWTX^Pt^t 

[0044] 1 <T)4 y?v hA'oflWaiU^xA-W 
II 0 S U a»t= J: 6 C O P »MWf K t L * 1 1 L 

fc. fef B XPBt'*)SCOP*«*SJ±^6. 3E4H 
/cm 3 ?**). il^xA-^^^L^MOS^M 
*- H ii Rif&iS (MEM 5r St L . 
[0 0 4 5] 3>It^iSfWati:ttfflSnl5rteL^> 
<)?y^x> M 0 S ?A Y £ ffM L . 1 

0 0 0 rfeMSiam+t'fM Ztrfl 2 5 . 0 m m<7)ll 

±t* h tea . jus****** ( c * - 

lC^V^T¥^fl:?r* 5 8. OMV/c mfcJ±*eiK&'t& 
( c t _ Hfg«tJ)S ) M 0 S KiOHSt^t&K 

[004 6] HttW2 

Kisga»£«&F B sK i3oo riTfcJMwas 3 . rc 

/mm hi, ^-^SttSftia*** 1 2 0 OXTUUiSJWIH 
#6 5 Omm^fft* 0 - § fcfc 1 2 0 0*Cia±«» 
i8i^*£ B |ftl£ffl** { 1 1 5 0'C^frt'v'J3>'# 

[0047] I<0*ftTW*S*lfc^ 'J 3 >#*gfl^ 

T ) , & B B ag : 8 (200mm) . j&ffi* 1 0 

fi-cm. K**g:8. 0-9. 0E17atoms 
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cc (B« : fIJU5IIB^=<fc*»'t«*»*' Sa 
*ffl^T*ai) - §Ht3R«JSC = <1 • 0E 1 6at oms 

c c ( B«^UEfi«ta^J: J: *SXiRKtt*<$ft 

[ 0 0 4 S ] ~ > 3" •/ hTb^tTJ 0 SJ Lfc^i' 
tl 0 £ L UCOP *MR$K £ SHI L * 1 

fc. ^ H B B XPr H t"ftl»COPf4:ISSK(i^4. 2E41 
/cms T*0. £K->*A-*»fcft*U:MOS^ 

[0049] Hi^JS 

'j3>mfS B B B^WlSL^. mtMHMuMBi 1 . lmm 
/#T\ •SJWWBaBMW*** < 12I l 4*>*»C?*3ix 

1 30 0t;i-CSr^ai53S3. rc/mmtL, 

1 2 0 O-CfcLLftftSKtf*' 5 7 0 mm^ff 

t"j>o (%i , e m&mm®Atmi 1 05 or) . $ 
fee 1 2 0 ox:j^*^«ww*SMMsa* 1150 

°C*^9 0 0°C^t'«iSSt*$r^ai23ld2 . 6°C/mm 

[00 50] I «*ftTWlfiS*l^ ^ 'J 3 

r ) . tShIS : 8 4 > f-ffl (20 0mm) . Efit* 1 0 
Q- cm, mmm& - 9. 0-10. 0E17atom 

s/c c ( B*m?II«t«£(c±&8M«f&*(S 

atffl^TJWJ) , K*jftS:<l- 0E 16a torn 

s / c c ( b iz x h mmmm 

[005 1 ] yd'-yh*^W0ajL^ T >xA-iO 
^ 0 j5 L ^c?f K J: h C O P L * 1 1 S L 

. teB B B XPfi-C"J) KOP fr«£Kli¥*34 . 8 E 4 (I 

[00 52] ^lft(?>)4 

04 WSSK i 0 . &T<r>mX'y 'J 3 y ^B B B $r We£ 

MiJPftiS^'01 +oftiSDf*sn^te B B B ?[±^ft. -t 

ISJMHlfi**^6fta*l 3 0 0*Cit'S:^ 
3 . 1 °C/mm t L . *CDt&&gti§Lf£tf 12 0 0 
"CWJt&ft 11$** 7 2 Omm^MtJi 0 - $ ^«Sb b b 
ft(£)SS2r 1 2 0 O'Cb I. 1 2 0 0°CU±f^lH*fA 

^sajkss 1 1 5 or*»<o9 o o*ca?«oiu»**&» 

53S2 . 6°C/mmt'^ffltl»^ttt^ 'J 3 y^ B B B ^ 

[00 53] 'J 3 

tttiWT^) t nth I . fr»S : P S ( <t:n > F - 
7') , tea B fi : 8-ly^ffl ( 20 0mm) , JEJt^l 0 
Q' cm, g»K««: 8. 5-9. 0E 1 7a t oms 
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*fflv»t»tli) - iJt***: <1- OE lbatoms 
[00 54] y^-> YfrhtflW^ 

« o jg 1 a»w: ± * c 0 p **** e a£ us i i 

f. ttft«8"C*4COPfWWF«lW3. 0E4ffl 
cm-' l^xM-i^WlWOS^ 

[0 0 5 5] H^|5 

JHLbftfK teft*Sffl«*^*SAa« 1 3 

0 0*C£?£ftfll£JE3. rC/mmhU *03»ISfi 
£JK# 1 2 0 OtMIS^" 2 0 mra^frtJ) 
0 § feKtefifttefiK* 1 2 0 OXTfc L . 1 2 0 O'C 
tJLlift »««a^ef B a« 1 1 5 0 9 0 0 °C * t' 

Wfig«S:#ffl$)E2 . 6°C, ^mt^Sti^y 
[00 56] Zflfcfr'ClMteftfcS' 'J 3 >-#*SftcO« 

r ) 8AS :8Offfl(200mm). ffifit* 1 0 
Q - cm. HX*K: 9. 5-10. 0E 17a torn 

s . ' c c ( atfrfidHEHtftee j: & mmmmfo 

Rfcffil-vCJMi) . JWRiK: <!• 0E 16a torn 
s / c c ( H**? lORfWHteK 

[0057] ^gijjs^ffiastc&M >3- hi 

^ ij _ ? h *«rtt±0)iajH k * "C v - f 
A v a ■ v h t *b flJ 0 ffl L • fc -7 * ^ - 1 i . X ft b # / 7 
7CJ:*£<£fllRt±ft#tf>3 0 0 0ffl/cm* WV^ 

/l^o. 2 Oil/cm 3 iZ&W^ti, x^—frk 
?m I fc M O S V A * - F U A Jff 4 P N « « 'J - ? 1$tt 

[0058] Jtftffl 1 

H 3 OgS £ m o . WT ^ ft T' y 1 J 3 > miSH £ Wl£ 

i*:. i . omm/K. eftssBffi 

fcb*. SMWIiRIK*^tt*iiK 1 3 0 0°Ci?-£& 
MdO. 5 5*C/mmJ>l>*\ eft«lia«*»^we 
a B n fig# 1 2 0 0 t:i-CWa«*«* { 2 6 0 mmnm 

[00 59] ;o*ft-CW*5^^'J 3>*8*«>8 
ttliUT^t^T**. pI (*' D > 

T) . tSAS : 8 A (2 00mm) . ISfil* 1 0 

ft- cm. 9. 0-10. 0E17atorn 

s / c c ( B*** IS9S«tt£C J: * RftiMEiftM* 

. <1. 0E 16a torn 



s ec (B+t^X^fiWBftt J: 
ft«rffli>TJM!) . 

[ 0 0 6 0 ] ZCOA > d Vfrh® ') &ltz*>x> 

wmi -dtrnzi: h c op&m&z-MZ i * 1 
, *sf B xKt- a 4 c o p mmmt^ 7 5 e 4 1 

cm 3 S^xA-froffiiLfcMOS^* 
[0 06 1 ] i±RPI2 

SSWlRaSJil- 2 mm rc. ^p^a^wffiii 

atHaKA^tsflias 1 3 0 o , csT'$r^a2uie2r. 

mmf. tSfl«Ha«*'o^fliaK* { l 200°C5t" 

WiSWEfiWjS 5 1 0 0 m m<7)^ftt'SS B B B ? i±«*tfft* 

[0062] iWftfr'CfflSSil^i' 'J 3 > JmSA*>}# 
ttUWTW t W-C* 4 . e*S : p S ( o y H - 

7 ) . ^ a B a fl : 8 A V f-ffl ( 2 0 0 mm ) . ffiffi* 1 0 
.0 ■ cm. mm: 7. 5-8. 5E17at oms 

/cc (B*^I««B^il»KfkjS^»^ 

Sffl^TJtaJ) - Ft«iR«: <1 . 0E 1 6a t oms 

/cc ( B :WPI*«»ttafc * S §5* ig 

[ 0 0 6 3 1 > ^ h 0 ffi U>: ^ * a-«0 

Jl 0 S Lftfrfc i 6 C O P WHflPJK* il£ L * 1 L 
. ISftXIB-C* 4 C O P fMMf WiW 2 1 0 E 4 ffl 



/ 



, cm 3 "C*"). iK^x^-*»fefWLfcMOS^ 
[0064] tfcRW3 

ESIWv^-ye. WT^ftt'v 'J 3 ym^ B B a$-Wfiic 
Lfc. #*Sft*«aKl± 1 ■ 0mm/*t. *£la»J3H 
MiJi! B SII^I12^S^GT'^$^l>?l±^f i t 1 - "^*> 
ISftfflffiftSb&^ISftiaKl 3 5 0-Cif Sr^aiSJ 
El. 5X;/mmt, |Sft«iiaK*^^8iftilK* J l 
2 0 0 °C i T^fflffiifil** 4 2 6 0 m mCO^ftt'Sal? I± 

[006 5] zn£frX'H&Wz : s 'J 3 > jneawx 
^^?liiaTWt,«f*4. Pi (*'n>H- 

T ) . ^ B B B fI : 8 A >+m (200mm) . Efil* 1 0 
Q- cm. mi&%: 9. 5-10. 5E 17a torn 
s /c c ( B#« ; ?X£fgm££K±&8fLil&$*(* 
ftSrffl^TSai) . 0E16atom 

s/c c ( H+tt^lSSHtt^JiKSiftSB**** 

[0066] i<0^ >-3" y h*»*,flJOitiLfe^i^-W 

^ 0 L ftjft: J: S C O P frBt^S SriBIS L ^ 1 L 
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BftKH-C* SCOP m® m 5 5 E 4 (1 



/ _ 



[0067 ] 





! 

i 


(cop^asg) 


8. OMV/cmPJt± 






6. 3E4S/ / cm3 


69% 






4. 2E4fl/cm3 


76% 


9?i£#|3 

• 


aac 


4. SEAfiXcma 






01,02 
B«D 


3. 0E4ffl/cm3 


85% 




02 


75E4f]/cm3 


20% 




E2 


210E4S/'cm3 


13% 


tt»«3 


02 
ffl»G 




27% 



[0068] 

ffM&tiWzt. I > 'J a >*& B B B t±~ c o P8 itfKffl 
XPfitc ft* $ ft & £ B B B £^©^ ^ v * . ftfifcRfc 
WE. P Nfite 'J -7^tV W xftttSr^rtSfc 
ft. K«SUJE<0Kv^attSi!*S*L4MOSTA>f^ 

[00693 *Wffiy 'J 3 y^aati it/Uit^jS 

**;b*>« *»9Jifc ( l ) littftftRBHIW 

bbs ( 3) M^m^.t^^tt-hm&^^y 

tiSJ < teflKBftiSS&StfS *>Cf#<5>ftSfc*> 
«k 0ffift^rAMX#tt^S*$ft^^x^-tc3i 

**. *JWBS (4) li. »jtri^H±fit,«<^2. 

mil ftiW x a- £ ftttt «. t »tw . 

[00 70] $ f> K#?I B J^ ^ 'J 3 V^&eFbSIjISI 



X<nv')o y|ta[*n<O«iI«0*ftS:Sfl^"t£ 
iBWE^WS'MSrHO » fiWTC^ 'J 3 > ^ B B B WW« 

T . ±121 -fc «k ? fcftftfcftttfc*-*-* v U 3 >#IS B B B 

£ «at h tfc ^ t * <o«aJ:wirWtt* s o t ftsnt 

[02 ] **^«SOI0lfctt»0ffiW>^ 'J ^ 

23 ] *^HflC03IS£(51|lCii^tffil^ft?t^a B ^ 

[04 ] m3n%mz& B \<$ffl%w.*:mitz*m 
[05] ^r B ns«j «i<ojttf><7)?ftaisi5tc*t l t His* 

MIfc J: L CH t^ H t - 9 -BKlKSSSrlWtt C: * *^ 

BBCft* CZy'Ja >^ B B B ^s^a^^ifS5r«^' : 

^■f 0"Cft l> . 

[06] 05 mm~-%£kmmi m i tz*m 



(10) 



■ftffl? 1 1 -4 3 39 6 



[07] 05. 06*)Sl«OKiKifi«^i' i ;3>-JWi 
~Z'h h » 



i • 
8- 
9- 
l 0 
l I 
20 
30 
4 0 



i"-czsi,'j3>msflgi_bF. 


4 l • 






4 2- 






4 3- 






44- 




5 • ■ ■ [h] , 


4 5- 


■■BWR». 




5 0- 


■■Jffl. 




6 0- 


'•^iflnlj, 



74 -V, 



6 b 



[01] 



3 



1400 



1200 




1000 



s 



1400 



C 1200 



1000 



900 



600 



k ;4 E i i 




V 

" \ 
t 






1 




-\ 

\ 

, y 

: A 









■ 


* 


\ \ 
\ \ 
\ \ 
^ \ 






* 


■ 

* 




k 1 

X 

X 

X 

\ 




« 



6 0«» (mm) 



200 *» WO 

jsaaanH^e.^ &g (mm) 



800 



'.000 
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l®7] 




7 ay h^-'Jcr)^ 

(72)f6fl# [sift jew (72) %Bm &n 

I 1 **ai*T(iSTa20- 1 frB^slfet Wgmm TtJ+J!£E#ffl3T@35$l^ 

(72) ^BM lit 

Ojn!i3tHi^ftEB3434#tffi -7f7l 



